The yeast systematic deletion collection offered the basis for a number of different strategies that establish functional links between genes by analyzing the phenotype of cells that combine two different deletions or mutations. A distinguishing feature of the collection is the presence of molecular barcodes at each deleted locus, which can be used to quantify the presence and abundance of cells bearing a given allele in a complex mix. As a result, a large number of mutants can be tested in batch cultures, replacing tedious manipulation of thousands of individual strains with a barcode microarray readout. Barcodebased genetic screens like Genetic Interaction Mapping (GIM) thus require little investment in terms of specific equipment, are fast to perform, and allow precise measurements of double mutant growth rates for both aggravating (synthetic sick) and alleviating (epistatic) effects. We describe here protocols for preparing the pools of haploid double mutant S. cerevisiae cells, testing their composition with barcode microarrays, and analyzing the results to extract useful functional information.
Introduction
Tests of the effect on growth rate for a large number of combinations of gene deletions became possible in the last decade through technical advances that arose after the completion of S. cerevisiae genome sequencing. An essential development in this respect has been the creation of a collection of systematic deletion for all the predicted yeast genes (1, 2). Each cell of this collection bears specific short 20 nucleotide long sequences that uniquely identify the affected locus. These "molecular barcodes" allow the analysis of thousands of strains in parallel, to estimate growth of any single strain in a complex mixed population. The second most important advance in the field has been the invention of methods that would allow efficient production of thousands of double mutant strains. Two strategies were employed to this end. In the end, GIM screen results are only as good as the capacity of the experimenter to deduce useful information from them. In most of the cases, the screens are only the starting point for projects that need years of focused work until completion. Thus, such screens are most of the time a discovery tool that provides first hints for focused analyses in functional genomics.
The preparation of the query strain as well as the relative timing of a GIM screen is indicated in Fig. 1 . We perform between 4 and 16 parallel screens in parallel and the limiting step is the selection and culture of the pool of haploid double mutants.
Materials
2.1 Growth media, antibiotics and molecular biology reagents Autoclave at 110°C for 20 minutes.
2. GNA medium: 5% D-glucose, 3% Difco nutrient broth, 1% Difco yeast extract.
Autoclave at 110°C for 20 minutes. Prepare fresh before use.
3. Sporulation medium: 1% potassium acetate (10% stock), 0.005% zinc acetate (0.5% stock), uracile (2 mg/100ml, 0.2% stock), histidine (2 mg/100ml, 0.4% stock) and leucine (6 mg/100 ml, 1.2% stock in dH 2 O). Resuspend the stocks in dH 2 O and filter sterilize. 4 . Antibiotics: 0.2 mg/ml Hygromycin B (stock 50 mg/ml); 20 µg/ml Nourseothricin, clonNat (Werner Bioagents, ref 5 .1000, 200 mg/ml stock); 0.2 mg/ml G418 sulphate (100 mg/ml stock).
5. Synthetic complete medium without uracile: 6.7 g/L Yeast Nitrogen base without aminoacids, with ammonium sulfate, 2% glucose and 0.2% amino acids mix. The mix of amino acids is composed of alanine, arginine, aspartic acid, asparagine, cysteine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophane, tyrosine and valine, in equal weight proportion, with the exception of leucine, for which twice as much is added. In the same mix, add for 1 g of amino acid 0.5 g of adenine. Autoclave or filter sterilize. For plates 2% agar is used in the final medium composition.
6. Culture plates (96 deep wells, 2 ml), 96 long pins replicator. 7 . Gaz permeable and aluminium seal for 96 well plates.
8. NEB4 buffer: 50 mM potassium acetate, 20 mM Tris-acetate, pH 7.9 at 25°C, 10 mM magnesium acetate, 1 mM dithiothreitol.
9. AscI and EcoRI restriction enzymes. pGID3 plasmid. 12. Scanner (GenePix 4000B) and scanning software (GenePix Pro 6, Molecular Devices, LLC).
Microarray reagents
13. System for normalization and data analysis (R from cran.r-project.org/ with the ggplot2 package installed). 2. The evening before starting the screen, prepare a pre-culture of the query strain in 10 ml YPD medium containing hygromycin. The next morning, dilute the cells to an OD 600nm of 0.2 in 25 ml GNA + hygromycin medium and leave to grow until the OD 600nm reaches 0.8. Thaw an aliquot of the pool of mutants in 25 ml GNA medium and incubate for 30 minutes at 30°C with agitation; the expected OD 600nm is 0.4 (see Note 6).
Methods

Obtention of a pool of MATa mutant cells from the collection
3. Combine the two cultures in a 50 ml tube, centrifuge 10 min. at 3200 g at room temperature, resuspend the cells in 0.5 ml GNA medium and spread the suspension on a 90 mm diameter GNA plate. Leave at 30°C for 5 hours to allow mating. 4 . Recover (scrape) the cells from the plate in 1 ml GNA medium containing hygromycin and G418 and resuspend them in 100 ml of the same medium.
Incubate for 18 hours, usually overnight, at 30°C with agitation.
5. Take an OD 600nm reading for the overnight culture (dilute 1/50 in GNA medium) and recover an amount of culture that, when diluted in 150 ml would yield an OD 600nm of 0.8 (typically 6-10 ml). Centrifuge at room temperature in a 50 ml Falcon tube for 10 minutes at 3 200 g. 3. Centrifuge at 13 000 g, at RT, for 5 minutes. Wash the white small pellet that sticks to the bottom of the tube with 0.5 ml of 70% ethanol. Centrifuge at 13 000 g for 5 minutes at RT. Throw the supernatant, leave the pellet at room temperature to dry out, between 5 and 10 minutes and resuspend the dry pellet in 30 μl of TE (optionally add 10 ng/ml RNase A). 11. After the last wash, slowly remove the slide from the liquid, dry its lower edge on a piece of Whatman paper, and plunge in stabilization solution for 10 seconds (under a chemical hood). Slowly remove the slide from the liquid so that no droplets remain; droplets can also be removed by a flux of dry air.
12. Scan the slide on a GenePix 4000B or equivalent scanner that is capable of 5 µm resolution. Analyze the scan images using an associated file that describes the position and annotation of each spot (gal file for GenePix Pro 6 or 7). The results are exported in the gpr format, a text file that contains columns separated by the tab character.
3.5 Microarray data analysis 1 . We provide here an example of R session commands used to normalize data post-acquisition and to be able to do diagnostic plots. The input text file is the gpr result of image analysis with GenePix Pro. 5. Extract only a few columns of interest and do simple filtering and calculations for M, the log transformed ratio of red and green signal, log 2 (Red/Green) and A, the average intensity of the two signals 0.5*log 2 (Red*Green). A is a logaverage, the log value for the geometric mean of the two signals. The plot of ratios against average intensity can reveal intensity dependent artifacts that need correction. (-3, 6) 10. Find the row numbers for cases when signal higher than background:
indexU <-intersect(goodx, which(to_norm$UD == "U")) indexD <-intersect(goodx, which(to_norm$UD == "D"))
11. Simple normalization, by median substraction, will not work well in this case, since the dependence between signal intensity and ratio changes is not linear. Lowess, or loess is a more versatile method. First, define the function, based on the internal "loess" function: 3. More involved data analysis depends on the integration of data from several different sources (SGA, GIM, protein-protein interactions) and gene ontology (GO) enrichment analysis in groups of related genes (by using, for example, the generic GO term finder, http://go.princeton.edu/cgi-bin/GOTermFinder).
Notes
1. Agilent microarrays for barcodes, unlike those used for transcriptome studies, can be stripped and reused, since hybridization is done on a relatively short, 
